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Why porous electrodes?
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Electrochemical Impedance Spectroscopy: 
Application to Fuel Cells
Schematic diagram of the U-i characteristic of PEFC 
and Electrochemical Impedance Measurements
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PEFC: Schematic Diagram (cross section)
SEM picture of PTFE/C powder
Multi-layer Gas Diffusion Electrodes 
with different porous layers
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Brief Overview of Porous electrode models and 
Applications
R = electrolyte resistance inside the pore per unit length
C = interface capacitance per unit length
Simple pore model of interface charging 
RC-transmission line of a flooded pore
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Simple pore model with faradaic processes in pores 
RC-transmission line of a flooded pore
ct
c = interface capacitance per unit length
rct = interface charge transfer resistance per unit lenght (Faraday impedance y2 )
r = electrolyte resistance inside the pore per unit length
Nyqusit representation of porous electrode 
impedance with faradaic impedance element
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Cylindrical homogeneous porous electrode model (H. Göhr) I
Cylindrical homogeneous porous electrode model (H. Göhr) II
Ions (H+, OH -,..) 
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Porous electrode model with faradaic impedance
Simulation of Impedance Spectra using Porous 
Electrode Model 
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Electrochemical Impedance Spectroscopy: 
Experimental Set-up
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Bode diagram of measured EIS at 
different cell voltages (current densities) I
|Z| / 
frequency / Hz
|phase| / 0
 0
15
30
45
60
75
90
10m
30m
100m
300m
1
3
10m 100m 1 3 10 100 1K 10K 100K
OCV 1024 mV
952 mV
901 mV
871 mV
841 mV
807 mV
777 mV
747 mV
717 mV
Bode diagram of measured EIS at 
different cell voltages (current densities) II
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Bode diagram of measured EIS at 
different cell voltages (current densities) III
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Common Equivalent Circuit for Fuel Cells
Cdl,a
RM
Rct,a
Cdl,c
Rct,c
Common Equivalent Circuit for Fuel Cells
Cdl,a
RM
Rct,a
Cdl,c
Rct,cZdiff
Diffusion
 of O2
Common Equivalent Circuit for Fuel Cells
Cdl,a
RM
Rct,a
Cdl,c
Rct,c ZdiffZdiff
Diffusion
 of H2
EIS at Polymer Fuel Cells (PEFC): 
Common equivalent circuit and boundary case
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Bode diagramm of the EIS, measured at the PEFC at 
80°C, symmetrical gas supply of the cell
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EIS at Polymer Fuel Cells (PEFC): 
Contributions to the cell impedance at different current densities
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Evaluation of the U-i characteristics from EIS
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EIS at Polymer Fuel Cells (PEFC): 
Contributions to the overal U-i characteristic determined by EIS
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Evaluation of EIS with the porous electrode model 
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Porous electrode resistance (Rp, a ), charge transfer 
resistance (Rct, a ) and electrolyte resistance (Rpor, a ) 
in the pore of the anode at different current densities
Evaluation of EIS with the porous electrode model 
i-V characteristic and current dependency of pore electrolyte resistance 
of the anode and cathode
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Impedance Measurements during Oxygen Reduction 
Reaction (ORR) in 10 N NaOH, on Silver Electrodes 
at Different Current Densities
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Outlook
Further improvement of porous electrode models
Combination and extension of existent and new models
Application of EiS to segmented cells
Experimental validation of models using
PEFC and DMFC electrodes with different porous structure
Gas Diffusion Electrodes (GDE) for Oxygen Consumption Reaction 
(OCR) in alkaline solution using different gas compositions
